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INTRODUCTION 


In  the  past  few  years  much  attention  has  been  focused  on  determining  the 
angular  distributions  of  the  low-energy  particles  in  the  magnetosphere.  This 
has  lead  to  the  observation  that  low  energy  ions  are  often  found  to  have 
field-aligned  components  in  the  regions  of  the  outer  magnetosphere  near  the 
equator  (Mauk  and  Mcllwain,  1975;  flcllwain.  1975;  Borg  et  al. ,  1978;  Gelss  et 
al. ,  1978;  Young.  1979;  Horwitz,  1980;  Comfort  and  Borwjtz.  1980;  Horwitz  et 
al. .  1980)  and  at  high  latitudes  near  the  earth  (Mizera  and  Fennell.  1977; 
Sharp  ej:  al. .  1977;  Whalen  et. al. .  1978;  Ghlelmetti  et  al. .  1979;  and  Klumpar , 
1979). 

At  the  near  synchronous  altitudes  the  observation  of  the  field-aligned 
ions  has  been,  for  the  most  part,  discussed  in  terms  of  low  altitude  sources 
and  acceleration  mechanisms  modified  by  pitch  angle  scattering  or  perpendicu¬ 
lar  acceleration  at  altitudes  greater  than  3  Re  in  the  near  auroral  regions 
(Horwitz.  1980).  The  field-aligned  ion  (FAI)  distributions  measured  on  the 
ATS-6  satellite  (Horwitz,  1980  and  references  therein)  are  the  most  complete 
set  to  date.  These  observations  emphasized  the  low  energy  ions,  less  than  1 
keV.  The  manner  in  which  the  data  were  obtained  generally  precludes  conveni¬ 
ently  measuring  the  energy  spectrum  and  angular  distribution  of  the  ions 
simultaneously. 

Recently  The  Aerospace  Corporation  Space  Sciences  Laboratory  has  flown 
ion  and  electron  electrostatic  analyzers  on  the  near  synchronous  orbiting, 
spin-stabilized  P78-2  satellite  (Stevens  and  Vampola.  1978).  The  P78-2 
satellite  was  placed  into  an  elliptical  orbit  with  an  apogee  of  ~  7.8  Re  and  a 
perigee  of  ~  5.3  Re  geocentric  on  February  3,  1979  and  the  final  orbital 
maneuvers  occurred  on  February  5,  1979.  The  orbit  has  an  Inclination  of  ~  7.9 
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degrees  with  apogee  aad  perigee  la  Che  earth's  equatorial  plane.  The  orbital 
period  is  somewhat  less  than  24  hours,  giving  rise  to  an  apogee  drift  in 
geographic  longitude  of  S.l  degrees  per  day  eastward.  Apogee  was  initially 
at  ~  200*  east  longitude  and  7.5  MLT  on  February  5,  1979.  The  satellite  is 
spin  stabilized  with  the  spin  axis  in  the  orbital  plane  and  maintained  normal 
to  the  satellite-sun  line  within  five  degrees.  The  spin  period  is  nominally 
60  sec  but  varied  from  ~  35  to  ~  62  sec  in  the  first  month  of  operations  and 
has  been  ~  57  sec  since  then. 

The  Aerospace  particle  analyzers  are  mounted  with  their  view  directions 
perpendicular  to  the  spin  axis  allowing  a  reasonably  complete  angular  distri¬ 
bution  to  be  obtained  continuously.  The  performance  characteristics  of  the 
particle  spectrometers  used  for  this  publication  are  summarized  in  Table  1. 
The  operating  mode  of  the  units  can  be  modified  to  a  limited  extent  by  ground 
command.  The  number  of  energy  channels  selected  can  be  7,  14  or  21.  A  com¬ 
plete  spectrum  is  obtained  in  three  seconds  with  the  set  of  21  energy  chan¬ 
nels,  while  the  Interlacing  of  the  channels  gives  a  simpler  7  channel  spectrum 
in  one  second.  For  this  study  the  instrument  was  in  either  a  21  or  14  channel 
program  mode. 
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TABLE  1 


Aerospace  Low-Energy  Particle  Spectrometers 

Channel  Electron  Energy,  keV  Ion  Energy.  keV/charge 

1  0  (background)  0  (background) 

2  .006  .006 

3  .017  .018 

4  .040  .037 

5  .087  .074 

6  .19  .15 

7  .32  .26 

8  .45  .36 

9  .61  .49 

10  .82  .66 

11  1.1  .88 

12  1.4  1.2 

18  1.9  1.6 

14  2.6  2.1 

15  3.4  2.7 

16  4.5  3.6 

17  5.9  4.8 

18  8.2  6.6 

19  10.9  8.8 

20  14.4  11.6 

21  19.4  15.6 

Sample  rate  *>  7  sps 

Sample  duration  ~  100  ms 

A  E/E~  0.07  for  electrons,  ~  0.08  for  ions 

Geometric  factor  (cm^  ster  A  E/E  ■  1.62  X  10“4  for  electrons 

■  6.3  X  10"4  for  ions 

Angular  Response  (full  width  at  10%  maximum  response)  is  ~  9°  X  7°  for  elec¬ 
trons  and  16°  X  9°  for  ions  in  planes  parallel  and  perpendicular,  respective¬ 
ly,  to  the  spin  axis. 
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OBSERVATIONS 


Figure  1  is  a  spectrogram  containing  twelve  hours  of  electron  and  ion 
data  taken  on  April  4,  1979  in  the  dayside  magnetosphere.  These  data  repre¬ 
sent  the  locally  mirroring  particles  (a  =  90°  i  10°).  The  electrostatic 
analyzers  were  collecting  data  in  a  mode  utilizing  14  energy  channels  ranging 
from  0.087  to  19.4  keV  for  electrons,  shown  in  the  top  panel,  and  0.074  to 
15.6  keV/charge  for  ions,  shown  in  the  bottom  panel.  Note  that  ion  energy 
increases  downward. 

The  data  displayed  in  Figure  1,  a  subset  of  the  total  data  set,  are 
similar  in  appearance  to  the  data  observed  by  the  ATS  satellites  (Mcllwain, 
1972).  Notice  the  presence  of  a  deep  minimum  in  the  ion  flux  running  through 
the  data,  a  feature  commonly  seen  in  ATS  data,  extending  from  0400  UT,  at  an 
energy  of  approximately  5  keV,  to  0800  UT,  where  the  energy  has  decreased  to 
nearly  2  keV.  The  deep  minimum  crosses  over  to  the  electron  data  where  it 
levels  off  at  about  4  keV  after  0900  UT.  A  similar  deep  minimum  feature  can 
be  seen  in  the  parallel  ion  flux  about  2  keV  higher  in  energy.  (Although  a 
spectrogram  of  parallel  fluxes  is  not  shown,  the  deep  minima  in  the  parallel 
and  perpendicular  fluxes  can  be  seen  in  the  spectra  presented  in  Figure  3.) 
Other  structures  are  visible  in  the  data  but  the  deep  minimum  is  one  of  the 
most  recognizable.  Pc5  oscillations  are  evident  between  0400  and  0800  UT  in 
the  data  (Figure  1). 

Figure  2  is  a  segment  of  the  total  ion  data  covering  about  1400  seconds 
near  0700  UT  on  April  4,  1979.  The  added  detail  of  the  complete  pitch  angle 
coverage  is  immediately  apparent.  The  data  are  plotted  as  a  function  of  time 
and  clearly  show  pitch-angle  modulation.  The  deep  minimum  observed  in  Figure 
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1  Is  seen  here  also,  but  as  a  function  of  pitch  angle.  The  darkening  of  the 
spectrogram  near  the  energy  interval  2  to  4  keV  represents  the  change  in 
energy  of  the  deep  minimum  from  approximately  4  keV  for  field-aligned  ions  to 
approximately  2  keV  for  mirroring  ions.  The  most  striking  feature  is  the 
observation  that  the  pitch-angle  distributions  at  high  energies  (bottom  of  the 
spectrogram)  are  very  different  from  those  at  low  energies  (top  of  spectro¬ 
gram).  Whereas  the  low-energy  ions  are  predominantly  peaked  along  the  mag¬ 
netic  field  direction  (a  ~  0°  and  a  ~  180®),  the  higher  energy  ions  are  predo¬ 
minantly  peaked  perpendicular  to  the  magnetic  field  (a  ~  90®).  The  transition 
from  the  field-aligned  distribution  to  the  mirroring  distribution  occurs  over 
a  narrow  range  of  energies,  giving  the  appearance  of  a  "zipper"  in  the  ion 
distribution  on  the  spectrogram  data  presentation.  The  energy,  observed  on 
the  spectrogram  Figure  2,  at  which  the  field-aligned  ion  distribution  changes 
to  a  mirroring  distribution  is  defined  as  the  transition  energy. 

Figure  3  is  a  plot  of  ion  data  in  velocity-space  for  one  complete  satellite 

revolution  taken  near  26016  seconds  UT.  The  distribution  function  contours 
below  600  km/sec  are  observed  to  have  an  elliptical  shape  extending  along  the 
V(  axis.  Above  that  velocity  the  contours  are  elongated  in  the  perpendicu¬ 
lar  direction.  Ion  flux  spectra  in  the  parallel  and  perpendicular  directions 
are  plotted  at  the  right  side  of  Figure  3.  Here  a  deep  minimum  in  the  ion. 
fluxes  is  clearly  seen  with  a  2  keV  energy  separation  between  its  location  in 
the  parallel  and  perpendicular  fluxes.  The  transition  energy  lies  between  the 
two.  In  some  observations  the  pitch-angle  distribution  at  the  transition 
energy  is  isotropic.  An  ion  distribution  similar  to  that  presented  in  Figure  3 
has  been  observed  in  the  ISEE-1  data  by  Frank,  et.  al.  (1978)  in  the  day  side 
ring  current. 

r 
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Fig.  3.  Contours  of  constant  ion  (proton)  distribution  function  in 
velocity-space  (left  paneL)  and  ion  spectra  at  large  and 
small  pitch  angles  for  0713  UT,  4  April  1979. 


Ion  spectra  taken  at  two  different  local  times  on  April  4,  1979  are  shown 
in  the  two  left  panels  of  Figure  4.  Ion  spectra  taken  on  two  different  days, 
11  February  1979  and  12  February  1979,  at  the  same  local  time  and  L-value  are 
shown  in  the  two  right  panels.  April  4  was  a  disturbed  day  (I  Kp-34  and  Dst 
reached  -197y  ),  while  February  11  was  a  quiet  day  (I  Kp*19+)  and  February  12 
was  a  moderate  day  (  Z  Kp“23+  and  Dst  reached  -58y  ).  Each  set  of  spectra 
shown  in  Figure  4  exhibits  the  predominantly  field-aligned  ion  fluxes  at  low 
energies  and  locally  mirroring  ion  fluxes  at  higher  energies.  The  variety  of 
spectral  shapes  shown  in  Figure  4  does  not  lead  to  any  easy  identification  of 
the  source  population. 

The  field-aligned  ions  with  peaked  spectra  observed  on  April  4,  1979  near 
0250  OT  were  observed  for  more  than  3  hours  spanning  magnetic  local  times  of 
7.3  to  10.4  hours  and  L-shells  from  -  6.5  to  7.6  Re.  During  this  period,  the 
S3-3  satellite  observed  upward  flowing  ions  near  13  and  02  hours  magnetic 
local  time  between  4700  and  6500  km  altitude  spanning  the  L-shells  covered  by 
the  P78-2  satellite.  The  ion  beams  measured  by  the  S3-3  satellite  were  mostly 
low  energy  (<1.2  keV)  with  fluxes  from  10^  to  10^  (cm^-sec-ster-keV)-^  near 
100  eV.  Thus  the  early  April  4  P78-2  observations  are  not  unlike  the  low 
altitude  auroral  measurements  of  ion  beams.  Furthermore,  the  field-aligned 
fluxes  at  a  "  0*  do  not  peak  at  the  same  energy  as  those  at  a  ~  180°  (Figure 
4,  left  panel). 

This  evidence  strongly  suggests  an  auroral-like  source  operating  at  both 
ends  of  the  field  line.  Kaye  et  al. .  (1979)  and  Lennartsson  and  Reasoner 
(1978)  have  suggested  previously  that  the  low-energy  ions  observed  at 
synchronous  orbit  are  of  ionospheric  origin.  More  recently,  Kaye  et_  al. 
(1981)  have  shown  that  the  ion  populations  below  and  above  the  transition 
energy  clearly  have  different  composition.  The  low-energy  population  in  the 
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parallel  direction  Is  composed  primarily  of  0*.  and  to  a  lesser  extent,  H4*  and 
He+  while  the  higher  energy  perpendicular  population  is  primarily  H+.  This  in 
Itself  suggests  a  local  ionospheric  source  for  the  ions  below  the  transition 
energy.  The  source  for  the  particles  above  the  transition  energy  is  most 
probably  the  plasmasheet. 

If  the  February  11,  1979  ion  spectra  in  Figure  4  are  compared  with  the 
ion  spectra  in  Figure  3,  the  deep  minimum  is  seen  in  the  parallel  flux  In  both 
cases; but  the  February  11  perpendicular  spectrum  exhibits  a  maximum  Instead  of 
a  minimum,  a  feature  seen  often  in  the  data.  From  the  variety  of  spectral 
shapes  it  can  be  seen  how  a  small  change  in  a  spectrum  can  cause  the  transi¬ 
tion  energy  to  change  drastically. 

The  transition  energy  observed  in  Figure  2  spans  in  energy  the  parallel 
and  perpendicular  flux  minima  in  the  ion  spectra.  This  relationship  of  tran¬ 
sition  energy  to  deep  minimum  location  is  not  the  only  one  observed  in  the 
data  base.  The  transition  energy  can  vary  from  coincidence  with  the  deep 
minimum, as  observed  in  Figure  2,  to  tracking  the  deep  minimum  in  the  parallel 
ion  flux  but  at  several  keV  below.  The  deep  minimum  in  the  parallel  ion  flux 
is  a  more  regular  feature  of  the  data  than  is  a  deep  minimum  in  the 
perpendicular  flux.  Many  observations  exhibit  the  feature  only  in  the 
parallel  flux.  The  general  observation  to  date  has  been  that  the  transition 
energy  is  below  the  deep  minimum  in  the  parallel  ion  flux,  with  the  deep 
minimum  acting  as  an  upper  limit. 

The  appearance  of  the  "zipper"  distribution  in  the  ions  in  the  near 
synchronous  region  is  a  persistent  feature  of  the  data.  At  one  time  or  an¬ 
other  it  is  seen  at  all  local  times  around  the  orbit.  On  any  given  orbit  it 
will  be  observed  for  a  period  of  several  consecutive  hours.  The  "zipper" 
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distribution  has  been  observed  at  all  local  times  with  transition  energies 
varying  between  a  few  hundred  eV  to  approximately  20  keV.  Figure  5  is  a  plot 
of  the  transition  energy  (solid  line)  as  a  function  of  local  time  over  the 
three  day  period  11-13  February  1979.  The  location  of  the  deep  minimum  in  the 
parallel  ion  flux  is  also  plotted  in  Figure  5  (dashed  line).  These  three  days 
were  fairly  quiet  magnetically.  Kp  and  Dst  are  plotted  on  the  top  panels  of 
Figure  5.  The  arrows  on  Figure  5  mark  the  local  times  of  particle  injec¬ 
tions.  On  11  February  there  was  only  one  injection  event  at  ~  0130  MLT.  On 

12  February  there  appeared  to  be  several  injections  between  dusk  and  dawn.  On 

13  February  there  were  no  injections  observed.  (For  a  discussion  of  plasma 
injections  see  Kivelspn,  Kaye  and  Southwood  (1979).) 

Particle  injections  have  a  dramatic  effect  on  the  transition  energy.  The 
change  in  the  ion  distribution  as  characterized  by  the  transition  energy  on  11 
February  1979  during  a  single  injection  event  is  shown  in  Figure  5.  Prior  to 
injection  the  transition  energy  decreased  to  several  hundred  eV.  At  the  time 
of  the  injection  the  transition  energy  abruptly  increased  to  ~  10  keV.  Fol¬ 
lowing  injection  the  transition  energy  decreased  to  a  steady  state  value  of  2 
keV  at  about  0600  MLT.  At  the  same  time  the  low-energy  field-aligned  compo¬ 
nent  was  slowly  decaying  in  intensity.  By  1100  MLT  the  low  energy  field- 
aligned  ion  intensity  had  fallen  below  instrument  threshold  (Energy  flux  <1.6 
X  10^  keV/cm^-sec-ster-keV).  On  12  February  1979  there  were  several  injec¬ 
tions  on  the  night  side,  the  most  dramatic  occurring  at  about  0430  MLT.  The 
transition  energy  first  increased  to  about  15  keV  and  then  decreased  to  a 
steady  value  of  4  keV  by  0900  MLT, where  it  remained  throughout  the  rest  of  the 
day.  On  13  February  the  transition  energy  decreased  to  2  keV  and  the  low- 
energy  component  decayed  in  intensity  until  the  middle  of  the  day  on  February 
13  when  it  was  no  longer  observable.  During  the  multiple  injections  which 
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.  5.  The  energy  of  transition  from  predominantly  trapped  to  field- 
aligned  ion  fluxes  (solid  curve  with  points),  the  energy  of 
the  parallel  ion  flux  deep  minimum  (dashed  line),  and  the  Kp 
and  Dst  indices  (upper  two  panels),  as  a  function  of  magnetic 
local  time  for  11-13  February  1979,  The  universal  times  are 
given  in  the  top  panel.  The  arrows  denote  times  of  substorm 
injections. 
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occurred  on  12  February  1979,  the  transition  energy  was  highly  variable  and  at 
times  became  unrecognizable  as  a  phenomenon. 

The  changes  observed  In  the  transition  energy  accompanying  injection  are 
related  to  changes  in  spectral  shape  of  the  ions.  The  following  sequences  are 
clearly  seen  with  the  Injection  on  11  February  1979.  Prior  to  injection  the 
low-energy  perpendicular  flux  increased  relative  to  the  parallel  flux, result¬ 
ing  in  a  decrease  of  the  transition  energy.  At  the  time  of  injection  the 
perpendicular  flux  hardened  significantly  relative  to  the  parallel  flux, 
raising  the  transition  energy.  The  decrease  in  transition  energy  after  injec¬ 
tion  was  accompanied  by  the  decay  of  the  low-energy  field-aligned  component  of 
the  ions  relative  to  a  fairly  stable  perpendicular  flux. 

During  the  latter  half  of  13  February  and  the  first  half  of  11  February, 
the  low-energy  ion  component  was  not  observed.  Between  the  injection  event  on 
11  February  and  those  on  12  February,  during  a  5 -hour  period  near  12  MLT, 
there  was  no  observable  low-energy  ion  component.  Subsequently,  injections 
appeared  to  resupply  the  near  synchronous  regions  with  a  low-energy  field- 
aligned  ion  population.  The  particle  injections  caused  pitch-angle  dependent 
spectral-shape  changes  in  the  ion  distribution  in  such  a  way  as  to  produce  a 
signature  in  Che  transition  energy  as  seen  in  Figure  5.  Lennartsson  and 
Reasoner  (1978)  note  that  low-energy  predominantly  field-aligned  ion  fluxes 
often  increase  in  connection  with  "substorm  injections”  of  high-energy 
particles. 

Because  there  is  an  apparent  relationship  between  the  transition  energy 
and  the  energy  of  the  deep  minimum  in  the  ion  flux  and  because  the  deep  mini¬ 
mum  is  a  feature  of  the  magnetospheric  convection  system  (Mcllwain,  1974; 
Klvelson.  1979),  the  transition  energy  has  been  examined  to  see  if  it  also  is 
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a  feature  of  magnetospherlc  convection.  The  trajectories  of  ions  observed  at 


the  satellite  position  have  been  traced  backwards  in  time  to  10  Rg.  If  a 
dipole  magnetic  field  and  a  uniform  cross-magnetospheric  electric  field  is 
assumed  (Kaye  and  Kivelson,  1979)  it  can  be  shown  that  ions  convect  inward 
from  the  plasmasheet  (Ejlrl,  1978;  Southwood  and  Kaye.  1979).  The  observed 
plasmapause  position  on  February  12,  1979  is  used  to  estimate  a  cross- 
magnetospheric  potential  drop  of  approximately  75  kV.  The  resulting  ion 
trajectories,  calculated  using  this  potential  for  ions  arriving  at  L-7.4  near 
0900  MLT  are  shown  in  Figure  6.  In  Figure  6a  it  is  shown  that  field-aligned 
ions  below  5  keV  have  drifted  from  the  plasmasheet  to  the  satellite  position 
via  local  dawn.  Field-aligned  ions  above  5  keV  arrive  at  the  satellite  via 
local  dusk.  Note  that  this  energy,  5  keV,  corresponds  to  the  transition 
energy  at  the  satellite  positions  for  that  local  time  (Figure  5). 

A  similar  trajectory  calculation  for  locally  mirroring 
ions  (a  ~90°)  produces  trajectories  which  separate  at  an  energy  of  3  keV 
(Figure  6b).  The  observation  that  the  locally  mirroring  ions  (a»90°)  are  not 
dominant  below  ~  5  keV  is  probably  a  reflection  of  low  flux  intensities  of 

these  ions  in  the  plasma  sheet  population  (Figure  4). 

In  summary,  the  characteristics  of  the  ion  pitch-angle  distributions 
observed  in  the  near  synchronous  region  are: 

1.  The  low-energy  ions  are  predominantly  field-aligned,  whereas  the 
higher  energy  ions  are  predominantly  peaked  perpendicular  to  the 
magnetic  field.  The  transition  from  the  former  distribution  to  the 
latter  occurs  over  a  very  narrow  energy  range. giving  the  appearance 
of  a  "zipper"  on  an  E-t  spectrogram. 

2.  These  ion  distributions  have  been  observed  at  all  local  times  be¬ 
tween  L“5.5  and  L«7.5. 
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3.  The  transition  energy  follows  the  trends  in  the  deep  minimum  in  the 
parallel  ion  flux  spectra,  if  a  trend  is  observed  in  the  data,  at  an 
energy  less  than  or  equal  to  the  energy  of  the  deep  minimum  in  the 
parallel  ion  flux. 

4.  Particle  injections  cause  rapid  changes  in  the  ion  spectra  as  a 
function  of  pitch  angle.  These  changes  are  characterized  by  syste¬ 
matic  changes  in  the  transition  energy,  which  is  a  dominant  feature 
in  the  particle  E-t  spectrograms. 

5.  On  very  quiet  days  the  low-energy  field-aligned  component  is  often 
not  observed  above  the  instrument  threshold  energy-flux  level  of  1.6* 

10^  keV/cm^-sec-ster-keV. 

6.  Particle  injections  resupply  the  near  synchronous  region  with  low- 
energy  field-aligned  ions.  These  ions  have  a  composition  similar  tc 
ionospheric  composition. 

7.  Following  an  injection  the  low-energy  field-aligned  ion  fluxes  decay 
in  less  than  24  hours  to  the  instrument  detection  threshold.  The 
higher-energy  perpendicular  ions  persist  indefinitely. 

8.  Although  the  transition  energy  of  the  ion  distribution  responds  to 
particle  injection  events,  there  is  no  obvious  observable  relation¬ 
ship  between  transition  energy  and  magnetic  local  time,  L,  Kp  or  Dst 
in  the  data  examined  to  date. 


23 


DISCUSSION 


The  ion  flux  deep  minimum  and  the  lowest  ion  energy  observable  at  a  given 
L  and  local  time  have  been  explained  by  the  drift  of  particles  in  combined 
magnetic  and  large-scale  quasi-static  electric  fields  (Mcllwain,  1972). 
Particles  moving  on  both  open  and  closed  drift  paths  can  be  organized  in  terms 
of  boundaries  called  Alfven  layers,  which  depend  on  models  of  global  magnetic 
and  electric  fields  (Kivelson  et  al..  1979;  Southwood  ^nd  Kaye.  1979;  Kjvelson 
and  Southwood,  1975;  Wolf,  1970;  Chen,  1970;  Ellri.  1978;  Cowley  and  Ashour- 
Abdalla ,  1976).  Calculations  predicting  the  spatial  Alfven  boundaries  have 
been  used  to  approximate  the  particle  observations  of  Explorer  45  (Kaye  and 
Kivelson.  1979;  Southwood  and  Kaye,  1979;  Klvelson  and  Southwood.  1975)  and 
Che  ATS  data  (Mcllwain,  1972).  Most  of  the  analyses  so  far  have  been  con¬ 
cerned  with  equatorialiy  mirroring  particles,  although  some  calculations  have 
been  done  for  particles  at  small  pitch  angle  (Ejlri,  1978;  Cowley  and  Ashour- 
Abdalla.  1976). 

The  appearance  of  distinctly  different  Ion  pitch  angle  distributions 
between  high  and  low  energy  ions,  the  observation  that  the  transition  energy 
follows  the  deep  minimum  in  the  ion  spectra,  and  the  fact  that  ion  spectral 
shapes  exhibit  considerable  variability  when  compared  in  time,  local  time, 
magnetic  activity  and  1-value,  strongly  suggests  that  the  source  populations 
are  being  restructured  by  the  influence  of  a  global  convection  electric 
field*  Preliminary  results  from  ion  trajectory  analysis  in  model  fields  show 
that  low-energy  ions  are  on  open  drift  paths.  Their  source  is  the  near-earth 
plasma  sheet.  Ions  with  both  large  and  small  pitch  angles  are  predicted  to 
have  access  to  the  spacecraft  orbit  at  energies  below  the  transition  energy. 
Since  there  is  little  or  no  ion  flux  at  large  pitch  angles,  one  must  conclude 
that  the  plasma-sheet  ions  are  predominantly  field-aligned,  a  process  acting 
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in  the  tail  beyond  7.5  Re  ei riciently  transports  the  field-aligned  component 
only,  or  that  the  regions  are  populated  by  a  source  of  parallel  low-energy  ion 
fluxes,  such  as  the  ionosphere,  along  drift  paths  intercepted  by  the 
spacecraft.  The  ion  composition  measurements  ( Kaye  et  al.,  1981)  support  the 
latter  hypothesis. 

We  can  use  adiabatic  theory  to  ascertain  whether  the  parallel  and  perpen¬ 
dicular  fluxes  originated  from  a  common  source  distribution  in  tne  tail.  In  a 

dipole  magnetic  field  the  energy  change  a  particle  would  experience  during 

2 

convection  from  the  magnetotail  would  vary  as  L  for  field-aligned  particles 
and  L  for  particles  perpendicular  to  the  magnetic  field.  These  relationships 
predict  that  the  particles  observed  with  energy  E  at  near  synchronous  altitude 
by  P78-2  would  have  the  following  energies  in  the  plasmasheet  at  ~  20  Re : 
field-aligned  particles  would  have  energy  ~  E/9  and  particles  perpendicular 
to  the  magnetic  field  energy  ~  E/28.  The  result  of  applying  this  analysis  to 
the  ion  data  presented  in  Figure  4  is  that  the  perpendicular  spectra  and  the 
parallel  spectra  do  not  transform  to  a  common  spectrum  in  the  magnetotail.  In 
fact,  the  energy  shifts  are  such  that  the  spectra  differ  even  more.  One 
concludes,  then,  that  the  observed  ion  distributions  are  not  explained  by 
energization  during  convection  from  the  magnetotail  but  are  characteristic  of 
their  different  primary  sources. 

One  ionospheric  source  for  the  field-aligned  ion  component  in  the  plasma- 
sheet  is  the  auroral  source  discussed  above  in  relation  to  S3-3  observa¬ 
tions.  Such  a  source  would  provide  predominantly  field-aligned  ions.  Also 
the  composition  would  be  essentially  that  measured  by  the  GEOS  experiments  in 
the  outer  magnetosphere  (Ghlelmettl  et  al.,  1978;  Ghielmetti  et  al.,  1979; 
Geiss  et  al.,  1978;  Young,  1979).  Such  a  source  would  also  be  in  agreement 
with  the  results  of  Kaye  et  al.  (1981). 
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Explanation  of  the  data  will  undoubtedly  require  correctly  identifying 
the  source  populations  and  compositions  as  a  function  of  energy  and  pitch 
angle,  and  subsequently  following  these  populations  through  their  appropriate 
drift  orbits  while  simultaneously  accounting  for  losses  such  as  charge  ex¬ 
change  and  modifications  such  as  pitch-angle  scattering. 
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LABORATORY  OPERATIONS 


The  Laboratory  Operations  of  The  Aerospace  Corporation  Is  conducting 
experimental  and  theoretical  Invest Igat ions  necessary  for  the  evaluation  and 
application  of  scientific  advances  to  new  military  concepts  and  systems.  Ver¬ 
satility  and  flexibility  have  been  developed  to  a  high  degree  by  the  laborato¬ 
ry  personnel  In  dealing  with  the  many  problems  encountered  in  the  Nation's 
rapidly  developing  space  systems.  Expertise  in  the  latest  scientific  develop¬ 
ments  is  vital  to  the  accomplishment  of  tasks  related  to  these  problems.  The 
laboratories  that  contribute  to  this  research  are: 

Aerophysicg  Laboratory:  Aerodynamics;  fluid  dynamics;  plasmadynamics; 
chemical  kinetics;  engineering  mechanics;  flight  dynamics;  heat  transfer; 
high-power  gas  lasers,  continuous  and  pulsed,  1R,  visible,  UV;  laser  physics; 
laser  resonator  optics;  laser  effects  and  countermeasures. 

Chemistry  and  Physics  Laboratory:  Atmospheric  reactions  and  optical  back¬ 
grounds;  radiative  transfer  and  atmospheric  transmission;  thermal  and  state- 
specific  reaction  rates  In  rocket  plumes;  chemical  thermodynamics  and  propul¬ 
sion  chemistry;  laser  Isotope  separation;  chemistry  and  physics  of  particles; 
space  environmental  and  contamination  effects  on  spacecraft  materials;  lubrica¬ 
tion;  surface  chemistry  of  Insulators  and  conductors;  cathode  materials;  sen¬ 
sor  materials  and  sensor  optics;  applied  laser  spectroscopy;  atomic  frequency 
standards;  pollution  and  toxic  materials  monitoring. 

Electronics  Research  Laboratory:  Electromagnetic  theory  and  propagation 
phenomena;  microwave  and  semiconductor  devices  and  integrated  circuits;  quan¬ 
tum  electronics,  lasers,  and  electro-optics;  communication  sciences,  applied 
electronics,  superconducting  and  electronic  device  physics;  mil lime ter- wave 
and  far-infrared  technology. 

Materials  Sciences  Laboratory:  Development  of  new  materials;  composite 
materials;  graphite  and  ceramics;  polymeric  materials;  weapons  effects  and 
hardened  materials;  materials  for  electronic  devices;  dimensionally  stable 
materials;  chemical  and  structural  analyses;  stress  corrosion;  fatigue  of 
metals. 

Space  Sciences  Laboratory:  Atmospheric  and  ionospheric  physics,  radia¬ 
tion  from  the  atmosphere,  density  and  composition  of  the  atmosphere,  aurorae 
and  alrglow;  magnetospheric  physics,  cosmic  rays,  generation  and  propagation 
of  plasma  waves  in  the  magnetosphere;  solar  physics,  x-ray  astronomy;  the  effects 
of  nuclear  explosions,  magnetic  storms,  and  solar  activity  on  the  earth's 
atmosphere,  Ionosphere,  and  magnetosphere;  the  effects  of  optical,  electromag¬ 
netic,  and  particulate  radiations  in  space  on  apace  systems. 
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